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$S$ $(\mathrm{x}_{i}, y_{i}),$ $\mathrm{i}=1,$
$\ldots,$
$\ell$ . $\mathrm{x}_{i}$ $\mathbb{R}^{N}$ , $y_{i}\in\{-1, +1\}$
. $S$ $\mathbb{R}^{N}$ $=1$ $y_{i}=-1$
. $(\mathrm{w}\cdot \mathrm{x})+b=0$ . , $\mathrm{w}\in \mathbb{R}^{N},$ $b\in \mathbb{R}$ ,
$(\mathrm{w}\cdot \mathrm{x})$ $\mathrm{w}$ $\mathrm{x}$ . $f(x)=\mathrm{s}\mathrm{g}\mathrm{n}((\mathrm{w}\cdot \mathrm{x})+b)$ . $(\mathrm{w}, b)$
$(\mathrm{x}_{i_{7}}y_{i})$ $\mathit{6}_{i}=y_{i}(\frac{(\mathrm{w}\cdot \mathrm{x}_{i})-\dotplus b|\mathrm{w}||}{})$ . ( $||\dashv|$ t 2 ) $\delta_{i}>0$ $(\mathrm{x}_{i}, y_{i})$
. $\delta_{i},$ $i=1,$ $\ldots\ell$ $S$
$(\mathrm{w}, b)$ .
(i) , $y_{i}((\mathrm{w}\cdot \mathrm{x}_{i})+b)>$
$0,$ $\mathrm{i}=1,$ $\ldots\ell$ , $\min_{i}$ { $((\mathrm{w}\cdot \mathrm{x}_{i})+b)$ } $=1$ .
$||\mathrm{w}||^{-1}$ . , , 2
$’$ $\backslash 4\mathrm{b}$ $\frac{1}{2}||\mathrm{w}||^{2}$ , $\mathrm{w}\in \mathbb{R}^{N},$ $b\in \mathbb{R}$
$y_{i}((\mathrm{w}\cdot \mathrm{x}_{i})+b)\geq 1$ , $i=1,$ $\ldots\ell$
. , :
\pi *4\Xi L 4{+b $\sum_{=1}\alpha_{i}y_{i}=0,\alpha\geq 0-\frac{1}{2,Ii}\sum i,j=1\alpha_{i}\alpha_{j}y_{i}y_{j}(\ell \mathrm{x}_{l^{\mathrm{t}}}\cdot \mathrm{x}_{j})+\sum_{i=1}^{\ell}\alpha_{i}$ ,
$\alpha\in \mathbb{R}^{\ell}$
$(\mathrm{w}^{*}, b^{*}, \alpha^{*})$ , $\mathrm{w}^{*},$ $b^{*}$ $\alpha^{*}$ , $\alpha_{i}^{*},$ $\mathrm{i}=1,$ $\ldots l$
, $((\mathrm{w}^{*}\cdot \mathrm{x}_{i})+b)=1$ (
) , . ,
.
(ii) , .
, , ( $C_{i}>0$
) :
$\frac{1}{2}||\mathrm{w}||^{2}+\sum_{i=1}^{\ell}C_{i}\xi_{i}$ , $\mathrm{w}\in \mathbb{R}^{N},$ $b\in \mathbb{R},$ $\xi\in \mathbb{R}^{\ell}$
$y_{i}((\mathrm{w}\cdot \mathrm{x}_{i})+b)\geq 1-\xi_{i},$ $\xi_{i}\geq 0$ , $\mathrm{i}=1,$ $\ldots\ell$




. , ( )
. , $\mathrm{x}\mapsto\phi(\mathrm{x})=(\phi_{1}(\mathrm{x}), \phi_{2}(\mathrm{x}),$ $\ldots)$ , . ,
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, (2) . o\supset
, 2 , 2 ,














\mbox{\boldmath $\tau$}-‘. “ ” “ ”
. , .
, “ ” . ,
,






, $S$ ( $(\mathrm{x}_{i}, y_{i}, r_{i}),$ $\mathrm{i}=1,$ $\ldots,$ $\ell$




(i) $y_{i}((\mathrm{w}\cdot \mathrm{x}_{i})+b)-||\mathrm{w}||r_{i}>0$ , i=l, ... ,
$\min_{i}\{y_{i}((\mathrm{w}\cdot \mathrm{x}_{i})+b)-||\mathrm{w}||B_{i}\}=1$ f. fl .
$\prime \mathrm{J}\backslash \sqrt{}^{\mathrm{I}}\mathrm{C}$ $\frac{1}{2}||\mathrm{w}||^{2},$ $\mathrm{w}\in \mathbb{R}^{N},$ $b\in \mathbb{R}$




$\frac{1}{2}||\mathrm{w}||^{2}+\sum_{i=1}^{\ell}C_{i}’\xi_{i},$ $\mathrm{w}\in \mathbb{R}^{N},$ $b\in \mathbb{R},$
$\xi\in \mathbb{R}^{\ell}$
$y_{i}(\mathrm{w}\cdot \mathrm{x}_{i})+b)-||\mathrm{w}||r_{i}\geq 1-\xi_{i},$ $\xi_{i}\geq 0,$ $\mathrm{i}=1,$
$\ldots l$
. $p\in \mathbb{R}$ ,







$\frac{1}{2}p^{2}+\sum_{i=1}^{\ell}C_{i}’\xi_{i},$ $\mathrm{w}\in \mathbb{R}^{N},$ $b\in \mathbb{R},$
$\xi\in \mathbb{R}^{l},p\in \mathbb{R}$
$y_{i}((\mathrm{w}\cdot \mathrm{x}_{i})+b)-r_{i}p\geq 1-\xi_{i},$ $i=1,$ $\ldots\ell$ (4)
$p\geq||\mathrm{w}||,$ $\xi\geq 0$
, 2 . , $\mathrm{w}\neq 0$ .




$L(p, \mathrm{w}, b, \alpha^{\mathit{1}}, \beta,\gamma)=\frac{1}{2}p^{2}+\sum_{i=1}^{\ell}C_{i}’\xi_{i}-\sum_{i}\alpha_{i}’(y_{i}((\mathrm{w}\cdot \mathrm{x}_{i})+b)-r_{i}p-1+\xi_{i})-(\beta_{p}p+\beta_{w}\cdot \mathrm{w})-\gamma\cdot\xi$
. , $\alpha’\in \mathbb{R}^{\ell},$ $\beta_{p}\in \mathbb{R},\beta_{w}\in \mathbb{R}^{N},$ $\gamma\in \mathbb{R}^{l}$ .
$\frac{1}{2}$
$( \beta_{p}-\sum_{i}\alpha_{i}’r_{i})^{2}+\sum_{i}\alpha_{i\}}’\alpha\in \mathbb{R}^{l},$ $\beta_{p}\in \mathbb{R},\beta_{w}\in \mathbb{R}^{N}$
$\sum_{i}\alpha_{i}’y_{i}=0,$ $\beta_{w}=-\sum_{i}\alpha_{\mathrm{i}}y_{i}\mathrm{x}_{i}$ ,
$0\leq\alpha’\leq \mathrm{C}’,\beta_{p}\geq||\beta_{w}||$
$- \frac{1}{2}(\beta_{p}-\sum_{i}\alpha_{i}’r_{i})^{2}+\sum_{i}\alpha_{i}’,$ $\alpha’\in \mathbb{R}^{f},$ $\beta_{p}\in \mathbb{R},\beta_{w}\in \mathbb{R}^{N}$
$\sum_{i}\alpha_{i}’y_{i}=0,$ $\beta_{p}^{2}\geq\sum_{i,j}\alpha_{i}’\alpha_{j}’y_{i}y_{j}\mathrm{x}_{i}\cdot \mathrm{x}_{j}$ , (5)
$0\leq\alpha’\leq \mathrm{C}’,\beta_{p}\geq 0$
.
$\alpha_{i}’(y_{i}((\mathrm{w}\cdot \mathrm{x}_{i})+b)-r_{i}p-1+\xi_{i})$ $=$ 0,
$\alpha_{i}’\geq 0,$ $y_{i}((\mathrm{w}\cdot \mathrm{x}_{i})+b)-r_{i}p-1+\xi_{i}$ $\geq$ 0
$\beta_{p}p+\beta_{w}\cdot \mathrm{w}$ $=$ 0 (6)
$p\beta_{w}+\beta_{p}\mathrm{w}$ $=$ 0 (7)
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2 7) $l1$ ,
, $\mathrm{A}\backslash$ . , SM $\mathrm{I}\mathrm{O}$
.’ (3) $||\mathrm{w}||$ $\overline{p}\geq 0$
:
$/\mathrm{J}\backslash 4\mathrm{b}$ $\frac{1}{2}||\mathrm{w}||^{2}+\sum_{i=1}^{\ell}C_{i}\xi_{i},$ $\mathrm{w}\in \mathbb{R}^{N},$ $b\in \mathbb{R},$
$\xi\in \mathbb{R}^{\ell}$
$y_{i}(\mathrm{w}\cdot \mathrm{x}_{i})+b)-\overline{p}r_{i}\geq 1-\xi_{i},$ $\xi_{i}\geq 0,$ $i=1,$ $\ldots\ell$
.




, (1) . , SMO
. .
$\overline{p}>0$ SMO , $\overline{p}=p=||\mathrm{w}||$ . (10)
, p=p- , $\alpha_{i}$ .
$\frac{p}{\beta_{p}}\alpha_{i}’=\alpha_{i},$ $\beta_{\mathrm{p}}=p+\sum_{i}\alpha_{i}’r_{i}$




. $p> \sum_{i}\alpha_{i}r_{i}$ , (5) .
, (5) $\alpha_{i}’$ . , $\alpha_{i}$
$\frac{p}{\beta_{p}}\alpha_{i}’=\alpha_{i}$
, $\alpha_{i}$ $c_{i}= \frac{p}{\beta_{\mathrm{p}}}C_{i)}’\overline{p}=p$ f\leftarrow ’ d5 (10) \S \not\in l: .
, (10) $\overline{p}\neq p$ , $\overline{p}arrow p,$ $r_{i}arrow r_{i}\overline{p}/p$ ,
, $\zeta$‘ ” .
5
. WindowsXP Pentium4 $3\mathrm{G}\mathrm{H}\mathrm{z}\mathrm{C}\mathrm{P}\mathrm{U}$ $2\mathrm{G}\mathrm{B}\mathrm{y}\mathrm{t}\mathrm{e}$
. UCI KDD repositories Forest cover type
([3]). , 2 cover tyPe $\mathrm{S}\mathrm{p}\mathrm{r}\mathrm{u}\mathrm{c}\mathrm{e}/\mathrm{F}\mathrm{i}\mathrm{r}$ Lodgepole Pine ( $y_{i}$
) . Forest cover type 10 44
. 5 cover type $\mathrm{S}\mathrm{p}\mathrm{r}\mathrm{u}\mathrm{c}\mathrm{e}/\mathrm{F}\mathrm{i}\mathrm{r}$ Lodgepole Pine
. ,
$[0, 1]$ . 1. .
159
, $\mathrm{C}\mathrm{F}$ BIRCH $([4_{\rfloor}^{\rceil})$ .











$\Xi$ $ff\backslash \mathrm{J}_{\acute{\grave{\mathrm{A}}}}^{7\mathrm{r}}..\mathrm{g}$ $7J$ $\overline{\tau}\supset^{\theta}?)$
$\frac{\backslash \backslash ;}{\neq}7\mathrm{r}\acute{\mathrm{E}}\ni$ $7rightarrow\underline{\backslash }^{\backslash }-P$
Type $\mathrm{S}\mathrm{p}\mathrm{r}\mathrm{u}\mathrm{c}\mathrm{e}/\mathrm{F}\mathrm{i}\mathrm{r}$ 46159
Type Lodgepole Pine 52869
$\ovalbox{\tt\small REJECT} \mathrm{g}_{\mathrm{p}}^{-}\equiv \mathrm{j}\mathrm{E}\overline{\tau}^{*}-p$
Type $\mathrm{S}\mathrm{p}\mathrm{r}\mathrm{u}\mathrm{c}\mathrm{e}/\mathrm{F}\mathrm{i}\mathrm{r}$ 165681
Type Lodgepole Pine 230432
1.
,
( $C_{i}=c\mathrm{x}w_{i},$ $w_{i}$ #
$\sum w_{i}=1)$ . , 1 .
2. . Basetine Error Rate
. 1 .
$*_{\tau}^{\mathit{1}}$ , $\text{ }$
. ” ’ ,
.
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